We propose a structure for the genome of Drosophila melanogaster in which each chromatid of each chromomere (band) consists on the average of about 30-35 different sequences of single-copy (unique) DNA, each on the average about 750 base pairs in length. These are separated from one another by stretches of the middle repetitive (reiterated) DNA, which in D. melanogaster makes up about 15% of the genome. These stretches are about 100-150 base pairs in length and are all of the same sequence or family in each individual chromomere and of a different family (sequence) in each different chromomere. Our proposed structure of the Drosophila genome is in accord with all of the known facts concerning the physical chemistry and molecular biology of Drosophila DNA. It is known that the haploid genome of Drosophila melanogaster contains 0.12 pg of DNA or about 1.2 X 108 base pairs. Of this amount, about 6% is serially repetitive (1) t, with a repetition number of several thousand, and is centromeric (2, 3). We do not here concern ourselves further with this portion of the genome. Of the remainder, about 79% (of the total genome) consists of single-copy or unique DNA, presumably the structural genes, while 15% consists of sequences that are repetitive. The latter portion, sometimes referred to as the middle repetitive DNA, consists of sequences that are repeated an average of about 30-35 times per haploid genome, although this average includes family sizes from about 10 to about 100 (1, 2, 4).
It is known that the haploid genome of Drosophila melanogaster contains 0.12 pg of DNA or about 1.2 X 108 base pairs. Of this amount, about 6% is serially repetitive (1) t, with a repetition number of several thousand, and is centromeric (2, 3) . We do not here concern ourselves further with this portion of the genome. Of the remainder, about 79% (of the total genome) consists of single-copy or unique DNA, presumably the structural genes, while 15% consists of sequences that are repetitive. The latter portion, sometimes referred to as the middle repetitive DNA, consists of sequences that are repeated an average of about 30-35 times per haploid genome, although this average includes family sizes from about 10 to about 100 (1, 2, 4).
Further facts
We have previously described the results of electron microscopic studies of the size and distribution of the middle repetitive sequences of Drosophila DNA (1) t. The middle repetitive sequences are short, about 100-150 base pairs in length, and are dispersed throughout the single-copy DNA of the genome, each repetitive sequence being separated from the next by, on the average, 750 base pairs of single-copy DNA (6) .
The number of chromomeres, or bands, in the D. melanogaster genome is said to be of the order of 3500-5000 (6 and that this is so over a finite length of the genome, namely over the length of one band of the D. melanogaster genome.
Analysis
Our proposal is in agreement with the findings of Thomas et al. (7) concerning the size to which Drosophila DNA must be sheared in order to maximize circle formation (by the further treatments noted above). Let us suppose that each band consists on the average of 35 stretches of single-copy DNA, each 750 base pairs in length, and each accompanied by a repetitious sequence 125 base pairs in length and present in the band as 35 identical copies. The total contour length of the DNA in each chromatid of an average band would then be, therefore, 3.4 A X 875 X 35 = 10.8 ,um. On each side of our chromomere is another, similar in structure but with a different family of repetitious sequences. Let us then shear the DNA randomly and ask to what size must we shear to maximize the probability that two identical repetitious sequences will be contained in each fragment. Clearly the minimum length must be equal to that of one of the average stretches of single-copy DNA plus two adjacent repetitive sequences. This length is (750 + 2 X 125) X 3.4 A = 0.34 ,um. As the length is increased, probability of ultimate circle formation should increase until the length of the fragment becomes such that, on the average, it includes DNA of more than one average band. We analyze the problem as follows: let us contemplate the Drosophila chromosome as modeled in Fig. 1 . We will suppose that the chromomere (band) is made up of the number, c, of identical repetitious sequences of length, r, each attended by a singlecopy (unique) sequence of length, u. The total length of the chromomere is then length of chromomere = c(u + r).
[1]
What is the probability, Pi, if we shear somewhere to the right of the beginning of chromomere A, a fragment of length F will include two r regions?
If F<u+2r,Pi = 0
If F = u + 2r, P1 = 1/(u + r)
chromomere in this approximation.) This probability will be P2(left) = e/(u + r)
[31
There are periodic effects that depend on F as a function of c(u + r) that we average over the chromomere. Therefore, P2(right) = e/(u + r) [4] And in the sum, for both ends of a fragment of length F the probability, P2, that the exonuclease will expose two repetitious segments r isT: P2 = [e/(u + r)]2 [5] We next ask, what is the probability, P3, that the right end of a fragment will protrude beyond chromomere A and into chromomere B? We might imagine that circle-productive fragments cease at F = c(u + r) + e, or perhaps at F = c(u + r) because we have already dealt with resection effects as P2. Let us merely conclude that there are c(u + r) starting (shearing) points of which F are excluded:
The overall probability of circle formation, PCF, from resected fragments of Drosophila DNA is therefore: PCF = P1 P2 * P3 or P( We plot PCF as a function of F in Fig. 2 , together with the relevant experimental data on circle formation as a function of F from Lee and Thomas (7) . The predictions from our model correspond to the findings of Lee and Thomas (7) for Drosophilia DNA, with the exception that the maximum PCF that they find is about 16.5% rather than the 14% predicted by our simple model. Suppose, however, that only 100 complementary base pairs are required for circle formation rather than the 125 that we have stipulated. In this case, our calculated maximum PCF would rise to 16%.
The melting temperature of the rings formed by Drosophila DNA by the methods of Thomas et al. is lower than that of DNA of infinite length by about 4-50C §. This value is in agreement with our suggestion that the reannealed ends are short, about 100-150 base pairs in length, rather than longer, as would be the case if the reannealed structures were structural genes. [7] [6]
If F = u + 2r + 1, P1 = 2/(u + r)
In general, P1 = (F -u -2r + 1)/(u + r), or about (F-u-2r)/(u + r) for 2u + 3r > F > u + 2r.
[2]
Next, let us imagine that an exonuclease resects our fragments of length F. Let e = resection length -r. What is the probability that the left end of our fragment starts within the distance e of an r? (We neglect effects at the ends of the t nection that not only does crossingover occur in the white locus between pseudoalleles or subloci, but also that unequal crossingover can take place between pseudoalleles (12). According to the view proposed here of the structure of the genome, a middle repetitive segment of DNA must be present between each sublocus of the white locus. If crossingover occurs only within such segments, then unequal crossingover would be an occasional, but expected, result.
We hope that our proposed structure may lead to a deeper understanding of the genetics of Drosophila.
